Using vector magnetograms and X-ray images, we study the evolution of the decaying active region NOAA AR 7926. The active region had bipolar structure with a leading sunspot of positive (N) polaritynon-Hale polarity of Cycle 22. Observations suggest that the following (S) polarity of this active region was in fact the leading (S) polarity of active region 7918 of the previous solar rotation. Analyzing the rotation rate of both active regions and their magnetic eld topology we conclude that they form a single magnetic system resembling a kinked loop. During the rst rotation, the upper part of the loop was exposed, forming a bipolar active region of normal (Hale) polarity. The rest of the loop had emerged by the time of the second rotation giving appearance of non-Hale polarity.
Introduction
It has been long believed that a solar active region is the manifestation of an emerged magnetic ux tube (see e.g., Zwaan 1987) . The archetype of this relationship is theloop ux tube (so named because it is arched in a shape reminiscent of the letter ) piercing the photosphere at two points to form a simple bipolar region. A number of observational datasets have been interpreted, with great success, using this basic picture. According to the Leighton-Babcock picture sub-photospheric magnetic elds are primarily toroidal (directed E{W) and horizontal. The direction of this eld is such that simple -loops formed from this eld will produce bipoles obeying the Hale polarity law. During its rise the apex of the loop is de ected by the Coriolis force causing a tilt in the resultant bipole, relative to E{W; the variation of the tilt angle versus solar latitude is known as Joy's Law (e.g., Zirin 1988) .
This basic picture of active region region formation has also been used to explain less typical active regions in terms of distorted ux tubes. Tanaka (1991) used observed time evolution of some complexly structured -spot groups in 1972 and 1974 to infer that the rising ux tube had been deformed into a \knot". Leka et al. (1996) used a time sequence of magnetograms to infer the shape of the rising ux tubes composing several bipoles within the active region NOAA 7260. During their emergence the poles rotated about one another, leading the authors to conclude that the tube had been deformed from a simple -loop. It has been proposed that the axial deformation, especially in the cases ofspot tubes, results from an instability driven by current within the tube (Linton et al. 1998 ).
The observational studies mentioned above used data taken over several days. This naturally restricted the conclusions drawn since only a short section of a ux tube will cross the photosphere in such a short time. In this work we will use a longer dataset (eight days) of one active region (AR 7926) and archival data of an active region from the previous rotation (AR 7918). We argue below that these two regions are manifestations of a single ux tube with a severe kink in it. The tube is so severely kinked that it is looped back onto itself in a complete circle, a conguration we refer to as a \stitch". Cursory examination of other archival KPNO data reveals at least one other pair of active regions (AR 7091/AR 7123) which suggests a similar ux tube con guration. Such a complex conguration poses additional challenges to theoretical models of ux tube evolution. In the next section we present the detailed observations made of AR 7926, including 33 vector magnetograms spanning eight days, and the limited archival data of AR 7918. In section 3 we use these data to infer the shape of the ux tube. In particular we provide evidence that AR 7918 and AR 7926 are part of the same magnetic structure. The con gurations of the two active regions demands that the single ux tube which formed them have a circular stitch in it. In section 4 we discuss the implications of the stitched loop interpretation.
Observations
We observed NOAA AR 7926 with the Advanced Stokes Polarimeter (ASP; Lites et al. 1995) at the National Solar Observatory at Sacramento Peak on November 18{20, 22, 23 and 25, 1995 . We used the 0. 00 6 spectrograph slit and scanned the solar image with 0. 00 6 steps to build up each magnetogram. The pixel size along the spectrograph slit was 0. 00 37. The magnetic eld was derived from the Stokes pro les of the two spectral lines Fe I 6301.5, FeI 6302.5 A, using the Skumanich & Lites routine (1987) . Each magnetogram covers an area about 120 00 85 00 , and takes about 10{15 minutes to complete. We tried to make one observation every 30 minutes, weather permitting. Our dataset varies from 2 magnetograms to 16 magnetograms per day, we have a total of 33 magnetograms over the six days. Seeing was very poor during Nov. 18, moderate on Nov. 22 and 23 and good during Nov. 19, 20 and 25 (Fig. 1 ). We used a sunspot tracker to stabilize the image on Nov. 18 -22, and an image correlation tracker on Nov. 23 -25. For each magnetogram we resolved 180 azimuth ambiguity of the transverse magnetic eld using both \AZAM" procedure (Lites et al. 1995) and following Can eld et al. (1993) . We did not notice signi cant disagreement between these two routines.
We also employed several full resolution (2. 00 8) magnetograms of NOAA AR 7918 of the previous solar rotation from the Haleakala Stokes Polarimeter (Mickey 1985) . The HSP magnetograms were obtained using the same spectral lines, as well as the same reduction routine. Both ASP and HSP were corrected for magneto-optical e ects and magnetic lling factor. We deprojected all vector magnetograms to the disk center assuming a tangent plane transformation. The discussion of the errors and limitations of the transformation may be found elsewhere (Gary & Hagyard 1990) .
Yohkoh soft X-ray partial frame images taken at times close to the ASP magnetograms were used to study the parameters of the coronal loops. We followed Tsuneta et al. (1991) to reduce these data.
NOAA 7918 and 7926
Although we observed primarily one active region -NOAA 7926, the following discussion includes another active region NOAA 7918 as well. In our opinion, these two regions form a single magnetic system. In this section we describe the evolution of both active regions and examine the relationship between them.
Active region NOAA 7918 was observed on the solar disk during October 20-31, 1995. During the rst 5 days the active region consisted of a large sunspot of leading (S) polarity and more di use following (N) polarity magnetic eld. The polarity of the leading sunspot of the region obeyed the Hale polarity law for Cycle 22. The leading sunspot was dissipating gradually, so that by the time active region crossed the West limb no major sunspots were left. However, the overall structure of the magnetic eld, as observed by Kitt-Peak magnetograph, remained the same throughout this period. Flare activity of the region was low with only two sub-ares.
Active region NOAA 7926 appeared on the eastern limb on November 16, 1995 with a single leading sunspot of positive (N) polarity and two following sunspots of negative (S) polarity. The low latitude of the region and the inverse polarities of its sunspots classify it as non-Hale active region of Cycle 22. The active region had very low are activity, with only two compact B-ares on November 22 and gradually dissipated over several days. On Nov. 18, the rst day of ASP observations, the active region consisted of a leading sunspot and a group of pores of following polarity. Figure 1 displays the evolution of the magnetic eld of this region as observed by the ASP. During the rst four days the leading sunspot dissipated. Large fragments of magnetic ux were moving away from the eastern part (left edge) of the sunspot toward weak eld of same polarity. This evolution can be partially seen in the three lower magnetograms of Fig. 1 . At the same time a well developed penumbra (not shown in the gure) still existed on the opposite (western) side of the sunspot during Nov. 18 and 19. No large fragments were observed leaving this side of the sunspot, but moving magnetic features (MMF) were observed. On Nov. 20, the sunspot showed only remnants of penumbra, and large fragments of magnetic ux were observed leaving both sides of the sunspot. After two more days (Nov. 22) ASP magnetograms showed no indication of penumbra. The sunspot had decreased to a single pore. There was a weak bright bridge in the middle of the pore, indicating further fragmentation. Some remnants of the pore magnetic eld can still be seen in the next day's magnetogram (Fig. 1, Nov. 23 ). By Nov. 25 the pore had dissipated completely, but Kitt Peak magnetograms show weak magnetic eld associated with the active region, until November 28, when remnants of the region disappeared behind the western limb. Figure 2 displays pairs of line-of-sight KittPeak magnetograms and Yohkoh SXT images for each active region. Using IDL Yohkoh software we coaligned full disk Kitt-Peak and Yohkoh images and extracted areas of the same size centered on the same Carrington coordinates from both images. In both cases active regions were relatively close to the central meridian, so we did not correct the images for projection. Figure 2 indicates the closeness of the two active regions in Carrington coordinates, although they existed on successive solar rotations. They also rotated with similar rotation rates. Figure 3 shows coordinates (CMD) of two active regions plotted relative to active region 7918. To produce this plot we approximated the coordinates of the rst active region (7918) by a rst degree polynomial and extrapolated it in time to compare to the coordinates of the second. We found a di erence of 357.6 1.5 for the time di erence of 27 days between observed CMDs of NOAA 7926 and the polynomial extrapolation of the NOAA 7918 coordinates by minimizing observed and extrapolated coordinates in leastsquare sense. Figure 3 shows the result of this extrapolation. Residuals between the observed and extrapolated coordinates, shown at right-lower corner on Figure 3 , are randomly distributed and show no systematic trend. Since the rotation rates of both active regions are close to the Carrington rotation rate, in our following discussion we use Carrington coordinates to compare the two regions. Figure 3 demonstrate that with the given rotation rate one should expect to see active region 7918 during its second passage at the same Carrington coordinates where 7926 was observed. This is consistent with Fig. 2 .
In spite of spatial proximity and similar rotation rate, active region 7926 could not simply be the returned 7918. The rst one obeyed Hale's polarity law with negative leading polarity, while second (7926) had \non-Hale" polarities (Figure 2 b,d). It is possible, that they could belong to the same nest of activity. Such nests are known to rotate rigidly (e.g., Castenmiller et al. 1986) . A history of magnetic activity implies an existence of ac-tivity nest in this area. On September 2 (two rotations prior NOAA 7918), an active region 7903 was observed at same area. On September 29 (one rotation prior to NOAA 7918) no active regions were observed there, but KittPeak magnetograms show weak magnetic eld which one may identify as di used remnants of active region NOAA 7903. The magnetic eld of the NOAA 7918, however, was much more compact than the di used eld of previous rotation, so we do not see direct link between them.
Comparison of the two active regions, plotted in heliographic (deprojected) coordinates implies, however, a much closer relation of their magnetic elds than simply belonging to the same activity nest. Figure 4 displays two vector magnetograms, -one for active region 7918 (contours) and another for 7926 (halftone) -plotted in Carrington coordinates.
Strikingly, the following polarity (negative) area of AR 7926 coincides with the leading polarity (also negative) area of AR 7918. The Kitt-Peak magnetograms show same tendency ( Fig. 2b, d ).
Comparing the Yohkoh SXT image and the Kitt Peak magnetogram in Figure 2c -d, one may identify two distinctive sets of coronal loops in active region 7926: short bright loops connecting \strips" of opposite polarity in the middle of the active region (labeled \B" in Fig. 2c ) and longer \dimmer" loops (labeled \D" in Fig. 2c ) linking the negative (S) following polarity with positive (N) eld trailing this active region (Fig. 2d ). These longer (\D") loops of AR 7926, in fact, retrace connection between leading and following polarities of AR 7918, as one can see from comparison Fig. 2 a and c. Thus, although the strong eld of active region 7918 has disappeared, the portion of the -loop which formed it is still there.
Thus, on two successive solar rotations we observe two di erent active regions of Hale (7918) and non-Hale (7926) polarity, situated close to each other in Carrington coordinates, rotating with same rotation rate, and sharing a single hill of negative polarity! 3.1. Evolution and topology of the magnetic eld and coronal structure of active region 7926
In this section we discuss topology and evolution of the magnetic eld of active region 7926 inferred using ASP observations as well as evolution of the coronal structures from Yohkoh data.
The magnetic eld showed behavior typical of a decaying active region, including moving magnetic features and ux cancellations. However, in spite of general tendency for the magnetic eld to spread out, we also see concentration of the negative polarity ux { the polarity { that two active regions share. Figure 1 demonstrates this tendency for the area of negative (dark) ux to become more compact during the period Nov. 18{ 20 (three lower magnetograms in Fig. 1 ). On the other hand, the observations of Nov. 22, 23 and 25 show that this ux is spreading out again. Using magnetograms of the vertical magnetic eld rotated to disk center we computed the e ective radius (r e ) of the distribution of negative (following) polarity of AR 7926. (1) where S = P B z (x; y), and x; y are averaged x, y coordinates of pixels of negative polarity B z . The e ective radius (Fig. 5 ) r e decreases during Nov. 18 -20 from 18 00 to 12 00 , but beginning Nov. 21, increases, returning to 18 00 on Nov. 25.
Coronal images show a relatively simple system of loops connecting two \strips" of opposite polarities in the middle part of active region 7926 (the short loops \B" of Fig 2 cd) . We have identi ed several bright loops in this area, which persist throughout the period of our observations, and have measured their lengths. The average length of the loops in this area (corrected for projection e ect) increases from 55 00 on Nov. 18 to 62 00 on Nov. 21, and decreases after Nov. 21, falling below 40 00 on Nov. 26. Thus, the length of the coronal loops increases when the negative polarity decreases its radius and decreases when the negative ux increases its size. Figure 6 shows the directions of the magnetic vectors in 3-D space for Nov. 22 (observations on Nov. 18{20 reveal a distribution of magnetic vectors similar to Nov. 22). During Nov. 18{22 most of the vectors on the eastern (left) side of the negative polarity area are tilted toward the trailing polarity (outside the magnetogram). Magnetic vectors situated on the western (right) side of the same (negative) polarity are inclined toward the leading (positive) polarity. Thus, the magnetic vectors on opposite sides of the negative polarity region are inclined away from each other (reminiscent of the letter \V"). The positive polarity magnetic vectors (leading polarity) to the west, across the neutral line, are inclined toward the negative (following) polarity. In this part of the active region, straddling the neutral line, the magnetic vectors of opposite polarities are concave downward (reminiscent of the letter \ "). Thus, both SXT Yohkoh images and ASP vector magnetograms indicate two systems of loops: oneconnecting leading and following polarity of active region 7926 and another -connecting following polarity NOAA 7926 with formerly following polarity of active region 7918.
Yohkoh soft X-ray images of AR 7926 on the eastern limb clearly indicate presence of two sets of the coronal loops: low loops in leading part of the active region and high trailing loops (Fig. 7c) . Loop system of active region 7918 on E and W limbs (Fig. 7  a-b) resembles following loops of NOAA 7926 (Fig. 2 c-d) .
Model of -loop with stitch
According to the traditional representation, a solar active region is described as the upper part of an -loop rooted at the base of convection zone. However, if both NOAA 7918 and NOAA 7926 represent individualloops, how it could happen that they share a single magnetic polarity? Somehow, a second -loop responsible for the NOAA 7926 would have had to emerge at the exact location of the 7918's -loop and happened to rotate with exactly same rate as the oldloop, so that one can see two footpoints of di erent loops as a single magnetic polarity over period of at least 8 days.
The rotation rate of a solar active region and its tilt to the equator (Joy's law) depend on how much time the active region spends rising through the convection zone. According to D'Silva and Howard (1994) the stronger magnetic elds rise faster and so tend to rotate faster. Active region 7918 had larger magnetic ux than 7926, (if the earlier stages of two active regions are compared), so we would expect the rst region to rotate faster.
The Coriolis force action also depends on how fast -loop rises through the convection zone (Fisher, Fan, & Howard 1995) . Slowly rising ux tubes show larger tilt to the equa-tor as well as lower rotation rates. Thus, Howard (1991) found that the di erence in rotation rates between highly titled active regions (90 ) and those without tilt (0 ) reaches 0.3 per day. Active region 7926 was the region of non-Hale polarity, which one may interpret as the region tilted for more than 90 . Assuming that the Howard relation is applicable to the active regions titled beyond 90 we estimate the di erence in rotation rates between the two regions 0.5 per day. The di erence in the longitudes of two active regions would be, in that case, about 13.5 after one solar rotation. Figures 2 and 3 indicate much smaller di erence in Carrington longitude of 7918 and 7926. Furthermore, if two active regions have rotated di erently we would expect to see a systematic deformation of the coronal loops. Indeed, coronal loops related to the 7926 increased its length by 7 00 during 3 days. However, later they decrease their length again, that is inconsistent with the explanation that is was caused by the difference in the rotation rates of two -loops. Apart from that, 7 00 in coronal loops length increase over 3 days translates to 0.12 per day, which is much smaller than expected 0.5 per day we discuss above.
Thus, if NOAA 7918 and 7926 were formed by independent -loops, one should expect that the two active regions to have di erent rotation rates. The regions, however, rotated with almost same rate (Figure 3) . Moreover, we do not see any obvious deformations of the magnetic and coronal structure of two active regions, which could result from the relative motions of two independent -loops.
A more plausible explanation, we believe, is that the two active regions belong to a single magnetic system. Figure 8 illustrates a severely kinked -loop, whose intersections with the photosphere form both \Hale" and \non-Hale" active regions. We hypothesize that during rst solar rotation the upper (left) part of such a loop emerged to form active region 7918, with a negative (S) leading polarity. Later, the rest of the -loop emerged forming another active region (7926) with positive (N) leading polarity. The higher part of the loop in that case is responsible for weak higher soft X-ray loops trailing AR 7926 (Fig.  7c) .
The idea of kinked -loops on the Sun was introduced by Tanaka (1991) . He observed an evolution of a -spot (McMath 13043) during 5 days using H ltergrams and explained it as the ascent of a kinked -loop through the photosphere. Our data imply the existence of a stitch during at least 8 days (Nov. 18-Nov.25, 1995), we do not see an indication of it in the previous rotation. It is also unclear from the data when and where the stitch was formed: was it a part of original -loop, or did it developed later by the time of second rotation?
The existence of kinked loops on the Sun is an important issue. It may indicate the presence of highly twisted ux tubes, which \trade" their internal twist for writhe, giving the appearance, say, of a bipolar active region with its main axis tilted relative to solar equator. Traditionally, the tilt of an active region's axis to solar equator (Joy's law) has been explained by the action of Coriolis force on rising -loop (e.g., Fisher et al. 1995) or as a result of the interaction of the ux tube with the convection zone turbulence (Longcope & Fisher 1996) . Recently Linton et al. (1998) concluded that kinked -loops may be responsible for formation of -spots.
The pair of active regions 7918 and 7926 is not a unique event. Although we did not survey the Yohkoh dataset in great detail, we noticed one other pair of active regions 7091 and 7123 developing under the same scenario as 7918 and 7926. Figure 9 shows SXT Yohkoh images and Kitt-Peak magnetograms of these two regions. Similar to the 7918-7926 pair, two regions of Hale (7091) and non-Hale (7123) polarity, rotated with approximately the same (Carrington) rotation rate and sharing a single negative polarity. The coronal loops in the middle part of active region 7123 (Fig. 9 c) are almost parallel to the neutral line of the photospheric magnetic eld. We see this as a signature of a stitch in this area of active region 7123. In contrast, the coronal loops related to the region 7091 show no shear at all (Fig. 9 a) . 
Discussion
Although a model of an -loop with a stitch seems to be the most likely explanation of two pairs of active regions (7918-7926 and 7091-7123) , alternative explanations are also conceivable. A local or surface dynamo might be another, although even more speculative, scenario. The possibility that the strong magnetic elds of active regions may be the result of the photospheric dynamo was proposed by Gurevich & Lebedinsky (1946) . Later several models of such dynamo were discussed by Akasofu (1984) and Henoux & Somov (1987 . Recent SOHO/MDI observations (e.g., Title et al. 1996) imply that the weak magnetic concentrations of interactive regions magnetic eld are possibly the result of the photospheric dynamo. Thus, at least in principle, one may speculate that the leading part of the NOAA 7926 was generated locally by converging down ows somewhere close to the solar photosphere level. Part of the leading magnetic ux of the NOAA 7918 could then be reconnected with a new formed sunspot forming a system shown in Figures 2  and 9 . Details of such possible development may be found elsewhere (e.g., Akasofu 1984) .
The surface dynamo hypothesis, however, has several problems. Existing local dynamo models require seed magnetic eld of same polarity to operate. There is no indication of the magnetic ux of opposite (seed) polarity in front of the leading sunspot of NOAA 7918, although it might have developed later, when the active region was behind visible solar limb. In the case of active region 7091, Kitt-Peak magnetogram shows a weak positive polarity in front of leading (negative) magnetic ux, which one may interpret as \seed" magnetic eld. Both active region 7918 and 7926, however, show very low level of their are activity, which raises a question of whether the magnetic reconnection ever took place in the formation of active region 7926.
The model of the -loop with stitch shown on Figure 8 , o ers a simple explanation of the topology and evolution of the magnetic eld and coronal structure in active region 7926. As we have discussed above, magnetic vec-tors on the eastern (left) side of the negative polarity area are tilted outside the magnetogram (Fig. 6 ), but vectors situated on the western (right) side of same polarity hill are inclined toward the leading (positive) polarity. In the part of active region straddling the neutral line, the magnetic vectors of opposite polarities are concave downward. The severely kinked -loop (Fig. 8) produces such a distribution of magnetic vectors.
Let us now consider the part of the loop in Fig. 8a , where it seems to cross itself. The magnetic eld in this part of the loop has negative polarity (i.e. it points downward). The two sets of magnetic eld lines -those connecting leading and following polarities, on one hand, and the following and trailing polarity, on the other, -form a X-shaped surface. The magnetic vectors on opposite sides of the negative ux are inclined away from each other (Fig. 8a) . We see a similar distribution of magnetic vectors in the ASP magnetograms (Fig. 6) , resembling the geometry of Fig. 8a . Hence, we conclude that the narrowest part of the X-shaped surface is somewhere below the photosphere, as is shown in Fig. 8a . Using this simple geometrical model we explain the observed concentration of negative polarity as a result of the ascent of the -loop during the rst three days. As the \X-shaped" part of the loop rises, the \cross-ing point" moves closer to the surface and the cross-section of the negative polarity hill decreases. Similarly, the increase of r e on Nov. 22 -25 also could be explained by the continued ascent of the stitch, with the narrowest part of the X-shaped surface above the photosphere. However, the observed magnetic vectors are still tilted away from each other on Nov. 22 (reminiscent of the letter \V"). That implies that the narrowest point of our imaginary X-shaped surface is still under photosphere.
The length of the coronal loops in active region 7926 increases when the negative polarity hill decreases its size and decreases when the size of the hill increases. This variation of the length of coronal loops also may indicate that the active region magnetic eld was ascending during rst few days of our observations. The luminosity of the corona, however, depends on various parameters including the strength of the magnetic eld, so that a decrease of measured length of coronal loops may indicate a decrease of the magnetic ux as well. On the other hand, magnetic ux of the region 7926 was decreasing steadily over period of our observations. We do not see any increase of magnetic ux which could be responsible for the increase of the length of coronal loops in the late stage of its evolution. Hence, we see the variation in the size of the coronal loops as an indication of vertical motions of active region not as variation of its magnetic eld strength.
As a whole, our explanation is based on a particular model: a severely kinked -loop (Fig. 8) . The proximity of \Hale" AR 7918 and \non-Hale" AR 7926 in Carrington coordinates, their rotation rates, and, nally, the coronal loop system all support this model. However, they are only indirect evidence of the validity of our model; we do not observe the stitch directly.
In light of the hypothesis that active regions 7918 and 7926 are manifestations of same -loop, we compared the heights of their coronal loops at the western and eastern limbs. Figure 7 shows limb views of the soft X-ray loops of both regions. There are very small changes in the coronal structure of the AR 7918 observed on E and W limbs.
In contrast, the magnetic eld of active region 7926 shows much greater changes over same period. Basically, Fig. 7 a and b show front and back projections of the same system of the coronal loops. The di erence between Fig. 7b and Fig. 7c is more profound. Figure  7c still shows a coronal loop system similar to the Fig. 7b with low leading and high trailing loops. Comparing the heights of the loops of these regions, one may see a tendency of their average height to decrease during these two solar rotations. The average heights of the loops we measure are 90 00 and 86 00 for AR 7918 and 70 00 and 52 00 for AR 7926 on E-and W-limbs accordingly.
Although the variation of the length of the coronal loops and their hight appear to be consistent with the vertical motions of the magnetic ux, we do not have enough information to speculate on this issue. Visibility of the coronal loops depends on number parameters, including magnetic eld strength, density and temperature of the coronal plasma. Most of these parameters decrease during a late stage of a sunspot evolution, that may result an apparent decrease in a size of the coronal loops above an active region.
Conclusion
We use Haleakala Stokes Polarimeter and Advanced Stokes Polarimeter vector magnetograms, soft X-ray Yohkoh images and SGD data to establish the close relation between two active regions, one of \Hale" (AR 7918) and one of \non-Hale" polarity (AR 7926). We speculate that the topology of the regions resembles that of a -loop with a stitch rising through the photosphere.
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